Actinomycete strain K11-0400
Organisms of the genus Streptomyces, which constitute a majority of soil actinomycetes [1] , have the ability to produce a large variety of secondary metabolites [2] . Therefore, Streptomyces strains have been isolated from various environments and geographic regions as a crucial part of the search for novel bioactive compounds. The Ogasawara Islands (better known as the Bonin Islands) are volcanic oceanic islands located about 1000 km from Tokyo, Japan, comprising about 30 islands, including Chichijima and Hahajima. The islands were designated as a UNESCO World Natural Heritage site in June 2011, due to the existence of rare and unique animals and plants endemic to the islands [3, 4] . Seven new species and a new variety of fungi were discovered from soil samples of the Ogasawara Islands collected in March 2011 [5] [6] [7] [8] [9] [10] , and novel antibiotics, the virgaricins, were subsequently discovered [11, 12] . Many Streptomyces strains were also isolated from the soil samples and taxonomic studies undertaken. One of the major morphological features of the genus Streptomyces is long spore chains exhibiting various shapes, and Streptomyces species are characterized, among other factors, by aerial mycelium colour and spore surface structure [13] . At present, the genus Streptomyces contains more than 600 species [14] . In this paper, we propose a novel Streptomyces species, Streptomyces boninensis K11-0400 T , which was isolated from Ogasawara Islands soil. and modified Bennett's agar (0.1 % yeast extract, 0.1 % beef extract, 0.2 % NZ-amine, 1.0 % glucose, 0.5 % mannitol, 0.5 % soybean flour, 2.0 % agar, pH 7.3) media. The colours of aerial and vegetative mycelia were determined according to the Colour Harmony Manual [16] . ISP 4 was used for starch hydrolysis examination, ISP 8 (0.5 % peptone, 0.3 % beef extract, 0.5 % KNO 3 , pH 7.0) for nitrate reduction, gelatin medium (2.0 % glucose, 0.5 % peptone, 20 % gelatin, pH 7.0) for gelatin liquefaction, 10 % skim milk (Difco) for coagulation and peptonization of milk, ISP 6 for H 2 S production [17] . NaCl tolerance, and pH and temperature ranges for growth were determined on ISP 2. Utilization of sole carbon sources at 1 % (w/v) was tested using ISP 9 (DAIGO) as the basal medium, according to the method of Pridham and Gottlieb [18] .
Biomass for chemotaxonomy was prepared by cultivation in yeast extract-dextrose broth (1 % yeast extract, 1 % dextrose, pH 7.0) at 27 C. Isomers of diaminopimelic acid were determined by thin-layer chromatography using whole-cell hydrolysis [19] . Whole-cell sugars were analysed according to Staneck and Roberts [20] , and phospholipids were extracted and identified following the method of Minnikin et al. [21] . Menaquinones were extracted and purified by the method of Collins et al. [22] , and subsequently analysed by liquid chromatography-mass spectrometry (JMS-T100LP, JEOL) with the CAPCELL PAK C18 UG120 column using methanol/2-propanol (7 : 3). Identification and quantification of the fatty acid methyl esters, as well as numerical analysis of fatty acid profiles, were performed according to the instructions of the Microbial Identification System (MIDI) using the ACTIN 6 database.
Genomic DNA was prepared using a slight modification of the method described by Saito and Miura [23] . DNA base composition was estimated by the high-performance liquid chromatography method of Tamaoka and Komagata [24] and DNA-DNA hybridization experiments were performed as described by Ezaki et al. [25] . PCR amplification and sequencing of the 16S rRNA genes were performed using previously described methods [26] . The closest neighbours of strain K11-0400 T were identified by BLAST search using the EzBioCloud server ( [14] ; www.ezbiocloud.net/). Evolutionary distances were estimated using SeaView version 4.2 [27, 28] . Multiple alignments with selected sequences were performed using the MUSCLE program [29] . Phylogenetic trees were reconstructed based on the neighbour-joining [30] , maximum-likelihood [31] and maximum-parsimony methods [32] . Data were re-sampled with 1000 bootstrap replications [33] .
Although aerial mycelia of strain K11-0400
T were abundantly produced on various media, it took several weeks for sporulation to occur. The mature spore chains of strain K11-0400 T were observed on HV agar medium after cultivation for 8 weeks, and produced more than 20 spores per chain, with a hook to spiral appearance. Spores were cylindrical with a smooth surface and size of 0.6-0.8Â0.4-0.5 µm (Fig. 1a, b) . Strain K11-0400 T grew well on ISP 2, ISP 4, ISP 5, ISP 6, glucose-asparagine agar, sucrose-nitrate agar, glucose-nitrate agar and modified Bennett's agar media, and colony colour was yellow. Substrate mycelia did not show fragmentation. White or light pink aerial mycelia were abundantly produced on ISP 5, glucose-asparagine agar and yeast extract-starch media (Table S1 , available in the online version of this article). The strain grew at 10-38 C, pH 5-11 and 0-10 % (w/v) NaCl. The optimum growth temperature was C. The strain did not produce melanoid pigment. Tests for coagulation and peptonization of milk and starch hydrolysis were positive, but those for nitrate reduction and gelatin liquefaction were negative. The strain utilized D-glucose, L-arabinose, D-xylose, raffinose, melibiose, D-mannitol, D-fructose and sucrose as sole carbon sources, but did not utilize L-rhamnose, myo-inositol or cellulose (Table 1) . Strain K11-0400
T contained LL-diaminopimelic acid as the diamino acid in whole-cell hydrolysates, with glucose and ribose as the whole-cell sugars. Phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylinositol were detected, but phosphatidylglycerol and phosphatidylcholine were not found (Fig. S1 ). The major menaquinones were MK-9(H 6 ) (67 %) and MK-9(H 4 ) (15 %), and the minor menaquinones were MK-9(H 2 ), MK-9(H 8 ) and MK-10(H 6 ). The predominant fatty acids were iso-C 15 : 0 (16.2 %), 10-methyl C 17 : 0 (13.5 %), C 17 : 0 (12.9 %) and C 17 : 1 !9c (11.8 %) (Table S2 Phylogenetic analysis with the type strains of 20 species showing the highest similarities to strain K11-0400 T indicated that the strain clustered with S. naganishii NBRC 12892
T [34] (Fig. 2) . Both strain K11-0400 T and S. naganishii NBRC 12892
T formed spiral spore chains and their spore surfaces were smooth. However, strain K11-0400 T differed from S. naganishii NBRC 12892 T in several cultural and physiological characteristics. Substrate mycelia of strain K11-0400 T showed a yellow colour series on all tested media but those of S. naganishii NBRC 12892
T exhibited a green colour on ISP 3 and calcium malate agar media or a red colour on yeast extract-starch agar and modified Bennett's agar. The aerial mass colour of the strain K11-0400 T was light pink, whereas that of S. naganishii NBRC 12892 T was grey (Table S1 ). Strain K11-0400 T did not produce melanoid pigment but S. naganishii NBRC 12892
T did so on ISP 7 and gelatin media. Nitrate reduction and gelatin liquefaction of K11-0400 T were negative but those of S. naganishii NBRC 12892
T were positive. Strain K11-0400 T utilized raffinose, melibiose and sucrose as a source of carbon, but did not utilize L-rhamnose and myo-inositol ( Table 1 ). The level of DNA-DNA relatedness between strain K11-0400 T and S. naganishii NBRC 12892
T was 24±6 %. This value was clearly below the 70 % threshold value for assigning strains to the same species [35] .
Based on the above results, we conclude that strain K11-0400 T represents a novel species in the genus Streptomyces, for which the name Streptomyces boninensis sp. nov. is proposed.
DESCRIPTION OF STREPTOMYCES BONINENSIS SP. NOV.
Streptomyces boninensis (bo.nin.en¢sis N.L. masc. adj. boninensis, pertaining to the Bonin Islands, Tokyo, Japan, the origin of the soil from which the type strain was isolated). The type strain, K11-0400 T (=NBRC 113073 T , TBRC 7755 T ), was isolated from soil from Hahajima in the Ogasawara Islands (Bonin Islands), Tokyo, Japan. The G+C content of the genomic DNA of the type strain is 72 mol%.
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